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ABSTRACT 
Generation of organic agro-wastes has increased at an unprecedented rate around the globe, 
because of increased food grain production to feed the population, leading to disposal problems. 
Vermicomposting is one of the most important ecofriendly tools in the campaign to recycle 
agriculture wastes. The present study deals with the bioconversion of three such agricultural crop 
residues : rice husk, paddy straw and spent mushroom paddy straw by the earthworm, Eisenia 
fetida. The Paddy Straw (PS), Spent Mushroom Paddy Straw (SMPS) and Rice Husk (RH) were 
mixed with farm yard manure in the ratio 1:1 using FYM as control. Rice husk in combination 
with FYM with the ratio 1:1 revealed lower survival rate of earthworms and poor conversion. 
The results revealed that the maximum weight gain of 49% and the shortest life cycle of 51 days 
were observed in PS: FYM. The longest life cycle of 62.66 days was recorded in RH: FYM 
(1:1), while the maximum mean number of cocoons per worm and per day was observed in 
SMPS: FYM (0.62 and 2.83 respectively). The shortest duration for the conversion of substrate 
into vermicompost of 75 days was observed in SMPS : FYM indicating substrate preference 
favouring SMPS. The nutrient analysis of the vermicompost from the substrates showed a 
general trend of increase in the levels of total nitrogen, potassium and phosphorus (%) and 
decrease in the levels of pH and total organic carbon content (%). It was inferred that among the 
three substrates studied, vermicompost from spent mushroom paddy straw substrate was best for 
its nutrient value, earlier convertibility and preferred substrate for Eisenia fetida as compared to 
paddy straw (PS : FYM) and rice husk (RH : FYM). Vermicomposting therefore has a potential 
to be explored by marginal farmers of developing countries as a support to farming practices. 
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INTRODUCTION 

The disposal and efficient management of 
agricultural wastes has become important for 
creating a healthy quality of the environment 
with the conversion of negative waste into 
beneficial materials being an important aspect 
of resource recycling and environmental 
cleaning. There is a growing realization that 
adoption of ecological and sustainable farming 
practices only can reverse the declining trend 
in the global productivity, environmental 
protection1. in addition proper utilization of 
wastes can enhance soil physical conditions 
and environmental quality as well as provide 
nutrients which could lead to increase in yields 
of different crops2. A huge quantity of            
rice   husk  is burnt leading to loss of enormous  

amount of plant nutrients and causing air 
pollution which leads to health hazards3. It is 
reported that for every ton of rice produced, 
about 0.23 tons of rice husk is formed4 and 
thus the inedible rice husk is considered as 
waste by-product with little economic value 
because the efforts to reutilise rice husk has 
been handicapped by its tough, woody, 
abrasive and resistance to degradation nature, 
low nutritive properties as well as high ash 
content5. The rampant use of chemical 
fertilizers contributes largely to the 
contamination of water resources and loss of 
soil fertility which has adversely impacted 
agricultural productivity. The thrust is to 
recycle the nutrients in agro- wastes into the 
soil after harvesting and at the same time to 
avoid as far as possible the air pollution which *Author for correspondence 
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is being caused by burning of various agro- 
wastes. In addition, the burning of agro- wastes 
may cause immense damage to soil faunal 
biodiversity and ground nesting birds. Paddy 
straw which is used for various purposes like 
thatching of roofs, fodder/food for milch cattle, 
alternative building material and fuel for 
burning in major rice growing states of India, 
does not find much favour in the State of 
Punjab. Therefore, the need is to popularize 
organic farming practices to the betterment of 
farming community6,7. Some studies have been 
made on the sustainable reuse of rice residues 
in vermicomposting8, which accentuate the fact 
that the biological treatment of the wastes 
appears to be most cost effective and carry a 
less negative environmental impact9. 
Vermicomposting is defined as low cost 
technology system for the processing of 
organic and complex wastes10 in addition to 
being an alternate source of organic fertilizers, 
it also provides economical animal feed 
protein for fish, poultry and piggery industries 
worldwide. Eisenia fetida, Eudrilus eugeniae 
and Perionyx excavatus11, 12 are the most 
promising earthworm species used for 
vermicomposting. Eisenia fetida is distributed 
worldwide due to its ability to tolerate a large 
range of moisture level and temperature13, can 
be handled easily and it is tolerant to other 
species14. With a view to utilize the 
earthworms successfully in vermitechnology, 
all aspects of the worm biology such as 
feeding habits, reproduction and biomass 
production potential must be known15, 16.  

AIMS AND OBJECTIVES 
The present study was designed to explore the 
ability of Eisenia fetida for biomanagement of 
different agricultural wastes mixed with 
Farmyard Manure (FYM) for value addition. 

MATERIAL AND METHODS 
The stock of Eisenia fetida was maintained in 
animal dung substrate which was stabilised 
and placed in concrete rings in glass house 
area of Department of Soil Science, Punjab 
Agricultural University (PAU), Ludhiana. Rice 
husk, paddy straw and spent mushroom paddy 
straw substrate of paddy straw mushroom 
(Volvariella volvacea) were obtained from rice 

shellers, rice fields and mushroom research 
farm, Punjab Agricultural University (PAU), 
Ludhiana respectively. Spent mushroom paddy 
straw is the discarded paddy straw, exclusively 
used for growing Volvariella volvacea for a 
period of 21 days. Farm yard manure was used 
as a control throughout the experiment. The 
agro- wastes were then chopped, mixed with 
animal dung (FYM) in the ratio 1:1 and put in 
circular concrete rings. The organics in the 
rings were regularly monitored and mixed 
manually Triplicates were maintained for each 
of the treatment. The wastes were thermally 
stabilized, degraded and softened before the 
earthworms were introduced. Triplicates were 
maintained for each of the treatment 
throughout the experiment. 
Vermiculture method 
A quantity of 750 g of organic wastes (PS: 
FYM; SMPS: FYM; RH: FYM) with ratio 1:1 
were each placed in plastic trays of size 22 x 
17.5 x 5 cm. Twenty, 4-week old clitellate 
earthworms were collected from the stock 
culture and released into each plastic tray. The 
moisture content was maintained at approxi-
mately 70% and temperature was recorded 
regularly. Reproductive parameters like 
duration of life cycle, number of hatchling per 
cocoon and cocoon production were recorded 
weekly. The cocoons were separated by hand 
sorting and were further studied for different 
life stages of Eisenia fetida by placing one 
freshly laid cocoon per petri dish (8.6 x 8.6 
cm), in same substrate and ratio in which their 
parents had grown17. No additional feed was 
added at any stage during the study period. 
Cocoons were observed every alternate day to 
record mean number of hatchlings from each 
cocoon. To assess the growth rate, the 
earthworms were weighed at the start of the 
experiment and then again weighed at the 
completion of vermicomposting. 
Nutrient analysis 
To study the nutrient composition of 
vermicompost obtained at the end of the 
experiment from different agricultural 
substrates following methods were adopted : 
1. pH – Potentiometric method18 
2. Total Nitrogen Content – Micro- kjeldahl 

method18 
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3. Total Potassium Content – Vanado-
molybdo-phosphoric yellow colour 
method19 

4. Total Potassium Content – Flame 
photometer19 

5. Total Organic Carbon – Rapid titration 
method20 

RESULTS AND DISCUSSION 
Growth rate and reproductive parameters of 
different wastes of agricultural origin were 
estimated (Table 1 and Table 2). There was a 
significant amount of increase in the body weight 
of earthworms by the end of the experiment. The 
earthworms showed a maximum increase by 
49% in spent mushroom paddy straw substrate as 
compared to paddy straw (44%). The least 
growth was recorded in rice husk substrate where 
only an  increase  of  16%  was  seen. Earthworm  

productivity    is    an    important     indicator    in 
vermicomposting process, which indirectly 
points to the feed quality. Thus, the high 
polyphenolic and lignin contents of the rice husk 
substrate could be responsible for slower growth 
rate exhibited by the earthworms21, 22. The life 
cycle of Eisenia fetida in different substrates was 
in the order : FYM > RH: FYM > SMPS: FYM 
> PS: FYM. The life cycle was shortest in paddy 
straw and spent mushroom paddy straw 
indicating high sensitivity to the quality and 
availability of the feed23, 24. The life cycle of the 
earthworm was shorter in agricultural substrates 
in combination with farmyard manure as 
compared to farmyard manure (64.3 days). The 
differences in life cycles could be due to the 
physical properties, protein content and porosity 
of different substrates.   

Table 1 : Growth of Eisenia fetida in agricultural test substrates under consideration 

Treatment Initial weight (g) Final weight (g) 
FYM 0.37 ± 0.02 0.55 ± 0.03 
PS + FYM 0.41 ± 0.02 0.90 ± 0.06 
SMPS + FYM 0.43 + 0.01 0.87 ± 0.07 
RH + FYM (1:1) 0.40 ± 0.03 0.56 ± 0.02 

Table 2 : Reproductive parameters of  Eisenia fetida recorded in different agro-wastes used 
for the study 

Reproductive parameters Paddy straw : 
FYM 

Spent mushroom 
paddy straw : FYM Rice husk : FYM 

Duration of life cycle (days) 51.00c±1.15 54.33bc±0.66 62.66a±0.98 
Cocoons produced per day 0.59ab + 0.01 0.62a ± 0.01 0.33c ± 0.02 
Cocoons produced per worm 2.58ab ± 0.07 2.83a ± 0.07 1.50c ± 0.10 
Hatchlings per cocoon 1.66 3.33 2.00 
Duration of vermicomposting 
(days) 80 75 135 

Note : Values are Mean ± SE The mean values with different superscripts imply they are significantly different (p<0.05). 

The cocoon production per worm per day 
assessed in spent mushroom paddy straw was 
4.56, which was highest amongst the three 
substrates. The differences in production of 
cocoons might be due to the culture medium 
and substrate composting quality25. Cocoons 
were monitored to assess the number of 
hatchlings per cocoon. The maximum of 4 
hatchlings was observed in spent mushroom 
paddy straw substrate. The least number of 
hatchlings was observed in control i.e. 
farmyard manure (1.33), making it the least 

preferred substrate. Different life cycle stages, 
nutritional value and ratios of substrates have 
an impact on the efficiency of the 
vermicomposts. 
The fastest conversion of substrate into 
vermicompost was recorded in spent 
mushroom paddy straw (75 days) and least in 
rice husk substrate (135 days). Rice husk has 
high polyphenolic content of 0.50% and lignin 
content of 22% content which turns it tough, 
woody and abrasive making them 
unfavourable for the earthworm species. 
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Overall, the growth and reproduction was 
higher in spent mushroom paddy straw as 
compared to the other substrates, indicating the 
higher nutritional value of the preferred 
substrate. The preferred substrate favoured 
food intake, increased growth and led to 
maturity earlier and resulted in shorter life 
cycle. 
The vermicomposts obtained at the end of the 
experiment were assessed for pH, NPK and 
total organic carbon content (Fig. 1). The 
results revealed a decrease in the levels of pH 
and total organic carbon content. The near 
neutral and decreased pH values of 
vermicomposts might be due to production of 
carbon dioxide and organic acids during 
decomposition of organic residues. The 
shifting of pH to lower values could be 
attributed to mineralization of nitrogen and 
phosphorus and bioconversion of organic 
materials into intermediate species of organic 
acids26. The lower organic carbon level in the 

final vermicomposts was due to loss of organic 
carbon as carbon dioxide through microbial 
degradation and respiration. The studies 
conducted by Contreras-Ramos et al, also 
showed decreased TOC content of a resultant 
product after 60 days of vermicomposting 
period27. There was an increase in the levels of 
total nitrogen, phosphorus and potassium 
content in the final vermicomposts, which 
might be due to mineralization of the organic 
matter. The maximum increase of total 
nitrogen and phosphorus was recorded in spent 
mushroom paddy straw, while the maximum 
increase in total potassium content was 
recorded in paddy straw. The present study 
results were in consistent with the findings of 
Abbiramy and Ross28 Lim et al29 and Lakshmi 
et al10. In a nutshell, the nutrient content of the 
final vermicomposts obtained from the spent 
mushroom paddy straw substrate had high 
nutritional value as compared to the rest of the 
substrates.30-39  

 

 
Fig. 1 : Comparison of nutrients in vermicomposts obtained from different agro- wastes  

under study 

CONCLUSION 
Earthworms respond variedly to different 
treatments and exhibit different efficacy rates 
for vermicomposting. The three wastes namely 
spent mushroom paddy straw, rice husk and 
paddy straw are all highly preferred substrates 
by the earthworm species. Rice husk substrate 
being a little abrasive is probably not favoured  

by Eisenia fetida as compared to the other two 
substrates. The findings foreground the 
potential of vermicomposting technology to 
convert wastes into biofertilizers. The faster 
conversion rates, life cycles, cocoon 
production and high nutrient content further 
accentuates the fact that the substrate and 
nutrients are the primary and most important 
parameters while determining the potential of 
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vermicomposting. In an attempt towards 
greener environment, the study underlines the 
future prospects of vermicomposting and its 
use for reutilizing different agricultural wastes, 
especially rice residues into effective 
biofertilizers for value addition. 
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